Phytochrome was localized by immunoelectron microscopy in cells of the coleoptile tip of etiolated and irradiated oat (Avena sativa L., cv. Konata) seedlings. By using ultrathin frozen sections and immunopurified, monospecific antibodies, both the sensitivity and resolution of the immunocytochemical assay were increased. The results with etiolated plants agree with and extend previously published data. A brief red light illumination caused the redistribution of phytochrome from a diffuse to a more particulate appearance. Areas that accumulated phytochrome were identified as small vacuoles into which phytochrome was sequestered following illumination. In seedlings illuminated for several hours and in normal lightgrown plants, the cellular distribution of phytochrome is qualitatively similar to that of nonirradiated, dark-grown material, except that in green plants the nucleus shows a positive immunocytochemical reaction.
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The distribution of phytochrome in nonirradiated etiolated oat seedlings has been described on both the tissue and the cell level (1, 6) . These investigations showed that the photoreceptor was especially abundant in the coleoptile tip. It appeared to be uniformly distributed throughout the protoplast, but was not observed in nuclei. However, within five min of photoconversion to the Pfr form, phytochrome was observed to be associated with discrete areas, the nature of which could not be identified (5) . In these experiments, the coleoptiles were embedded in hydrophobic media for sectioning and whole antisera were used for immunocytochemical staining. This protocol put severe limits on both the resolution and the structural preservation that could be obtained.
Recently Epel et al. (2) Electron Microscopy. For electron microscopy, the procedure described by Tokuyasu (7) was followed. Fixation was as described for light microscopy and infiltration of the tissue was with 0. OAT PHYTOCHROME LOCALIZATION microscope and pictures were made on Kodak electron microscope film.
Control experiments for each assay were performed using nonimmune immunoglobulins in place of specific antiphytochrome immunoglobulins.
RESULTS
All pictures were made from parenchyma or epidermis cells that were located close to a vascular bundle in order to maximize comparability of the data.
Light Microscope. In dark-grown seedlings, fluorescence was uniformly spread throughout the cytoplasm (Fig. la) . Nuclei lacked any stain. Plastids showed a clear positive reaction although the fluorescence was hard to discern in amyloplasts due to the unfavorable ratio between the volumes of starch and of plastid stroma. After 5 min of red light, numerous highly fluorescent spots appeared in the cytoplasm, whereas the intensity of the general background stain appeared reduced (Fig. lc) . After 15 to 20 min of red light, these phytochrome aggregations were even more pronounced. However, they did not coincide with structures that can be identified by use of Nomarsky optics (Fig. ld) . Subsequent illumination with 5 min of far red light did not interfere with this phytochrome redistribution. Afterwards these phytochrome aggregations gradually faded away. They disappeared completely after either 90 min of red or white light, or 80 min after a red-far red cycle. They were, however, still visible in tissue irradiated for 5 min with red light and then incubated for 85 min in darkness. Thirty min after the onset of illumination (either 5 min or continuous red light) the nucleus started to show some phytochromespecific stain. To a lesser extent, this phytochrome labeling was still present after prolonged illumination with white light. Cells of the coleoptile tip of naturally grown seedlings showed a faint but significant fluorescence after the immunocytochemical assay (Fig.  lb) . The distribution of the fluorescing stain in these cells was similar to that of etiolated tissue, i.e. a general cytoplasmic stain that included the plastids. In this case, however, the nuclei were also faintly stained.
Control experiments in every case showed negligible fluorescence. Consequently, they are not shown.
Electron Microscopy. We focused our attention on the difference in localization between seedlings irradiated for 5 min with red light and completely etiolated material. In cells of dark-grown seedlings, labeling for phytochrome occurred throughout the cytoplasm, even in plasmodesmata and at the site of the cytoplasm boundaries, the plasmalemma and tonoplast (Fig. 2, a and b) . No special arrangement or concentration of phytochrome-associated stain was found in or around dictyosomes or ER (Fig. 2b) . The highest ferritin density in the cell was found in plastids (Fig. 2c) . The nuclei of etiolated tissue never showed a significant amount of ferritin (Fig. 2d) . Control sections showed that the staining of the starch grains which was observed in some pictures was completely nonspecific.
The distribution of phytochrome in coleoptiles fixed immediately after 5 min of red light was found throughout the cytoplasm and in various organelles but not in the nuclei. The major difference compared with completely etiolated tissue was found in and near the vacuoles. Frequently a high concentration of ferritin was observed in the lumen of small vacuoles (diameter approx. I ,um) ( Fig. 3 a and b) . The label was generally coupled to the presence of an amorphous uranyl-stained material, showing no membranes or other identifiable cellular components. These protrusions also occurred in the large central vacuole but were then less obvious ( Fig. 3c and d) . In parallel with these findings, we observed an increase in label density in the cytoplasm lining the vacuoles. In one section we found a high label density on dense parts of the cytoplasm (Fig. 3d) 
